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Introduction

Introduction Although tuberculum sellae (TS) and diaphragma sellae (DS) meningio-
mas have different anatomical origins, they are frequently discussed as a single entity.
Here we review the radiologic and intraoperative findings of TS and DS meningiomas
and propose a radiologic classification.

Methods We retrospectively reviewed 10 consecutive TS and DS meningiomas. Data
regarding clinical presentation, preoperative imaging, and intraoperative findings were
analyzed. Three sellar dimensions were measured on magnetic resonance imaging
(MRI): the tuberculum-sellar floor interval (TSFI), the planum-tuberculum interval (PTI),
and the total height.

Results Three distinct anatomical patterns were recognized: exclusively tubercular
meningiomas (type A) were accompanied by elongation of the TSFI and, more
significantly, of the PTI; combined TS and DS meningiomas (type B) were associated
with relative elongation of both the PTI and TSFI; and the sole exclusively DS
meningioma (type C) was associated with elongation of neither PTI nor TSFI.
Conclusion Suprasellar meningiomas can be classified as tubercular, combined, or
diaphragmatic based on preoperative MRI. Exclusively tubercular meningiomas (type A)
require only a supradiaphragmatic approach. Tumor involvement of the sellar dia-
phragm (type B or C) requires resection of the diaphragm and thus a combined infra-
and supradiaphragmatic approach.

types is confounded by similarity in clinical presentation
and anatomical adjacency.g‘10 True TS meningiomas are

Tuberculum sellae (TS) and diaphragma sellae (DS) meningi-
omas represent 5-10% of all intracranial meningiomas.'*
They are traditionally grouped together with other supra-
sellar meningiomas including the more anterior planum
sphenoidale (PS) meningiomas.*"® Even though TS and DS
meningiomas have different sites of origin that can be distin-
guished anatomically, they are often grouped together as TS
meningiomas.>™’ The differentiation between these two
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more common than DS meningiomas.>>'° In a series of 67
anterior cranial fossa meningiomas, 25 were classified as TS
meningiomas and only one as a DS meningioma.”

The location of suprasellar meningiomas at the central
skull base and their proximity to critical surrounding neuro-
vascular structures pose challenges to the surgeon.>':'2
Most can be approached transcranially from “above” or
transnasally from “below.”"''-'* Here we analyze the
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radiologic and intraoperative findings of TS and DS meningi-
omas and propose a radiologic classification to guide the
endoscopic surgical resection of these tumors.

Methods

We retrospectively reviewed 10 consecutive cases of resected
TS and DS meningiomas utilizing an endoscopic endonasal
transsphenoidal (EET) approach. PS, parasellar, and sphenoid
wing meningiomas were excluded. Tumors originating ante-
rior to the chiasmatic sulcus (CS) or having most of the tumor
anterior to the CS were considered PS meningiomas and
excluded from the study. Data regarding clinical presentation,
preoperative imaging, and intraoperative findings were
analyzed.

On T1-weighted midsagittal magnetic resonance imaging
(MRI), we were able to identify three osseous points: P, the
posterior planum point, the most superior point of the
posterior PS; T, the tuberculum, the most posterior point
beneath the CS (and the most common point of attachment of
the diaphragma), and C, the clival-sellar floor point, the
junction of clivus and sellar floor (~Fig. 1A, B).

The tuberculum-sellar floor interval (TSFI) was used to
estimate the sagittal height of the sellar face. The more
superior expanse incorporating the tuberculum and CS was
estimated by measuring the planum-tuberculum interval
(PTI) (=Fig. 1C). We then calculated the total height (TH) as
PTI + TSFIL These measurements were compared with those
derived from MRIs of 10 randomly chosen patients without
sellar or parasellar pathology. A one-tailed t test was used for
statistical analysis.

A clear line of distinction between the tumor and the
pituitary gland, a radiologic distinction line (RDL), was sought
on the same midline sagittal T1-weighted gadolinium-
enhanced MRI; it was considered to be either present (clear)
or absent (unclear). The position of the optic chiasm (OC) in
relation to the tumor was evaluated on midsagittal MRI. The
relationship of the tumor to the proximal intracranial optic
nerves (ONs) and tumor extension into the optic canals on
coronal T1-weighted gadolinium-enhanced MRIs were also
noted.

Intraoperatively, the patency of the anterior intercaver-
nous sinus (AIS), tumor involvement of the DS, and the
tumor’s extension into the optic canals were evaluated. The
AIS was considered either patent, absent (occluded), or not
reported. The DS was considered either involved by tumor,
adherent, or separate. The extension of tumor in each optic
canal (n = 20) was noted. Discrepancies between preopera-
tive imaging and intraoperative findings were tabulated.

Results

In the meningioma group, the PTI, TSF], and TH means were
7.8 mm (range: 2-15.6 mm) and 9.4 mm (range: 3.9-13 mm),
and 17.2 mm (range: 5.9-26.5 mm), respectively. In the
control group, the PTI, TSFI, and TH means were 3.3 mm
(range: 1.9-6.9 mm) and 8.2 mm (range: 6.1-10.9 mm), and
11.5 mm (range: 8.2-13.9 mm), respectively. The differences
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in PTIand TH, but not that in TSFI, were statistically significant
(p < 0.05). =Table 1 summarizes the patients’ characteristics.
In relation to tumor, the chiasm was posterior in two, super-
oposterior in four, superior in three, and posteroinferior in
one case. The intracranial ONs were located superior in three,
superolateral in four, and lateral in three cases in relation to
tumor. MRI showed tumor extension into 45% (9 of 20) of the
optic canals. In the optic canals, the tumor was inferior to the
ON in two, inferomedial in two, medial in one, and superior-
medial-inferior in three cases. The intraoperative findings of
tumor location in the optic canals correlated with the preop-
erative MRI findings in all cases. The AIS was patent in six
cases, occluded in two, and not reported in two. The DS was
involved in five cases, adherent in three, and separate in two.

Three distinct patterns were recognized in this cohort.
True TS meningiomas (type A; n = 5) are associated with
elongation of the TS (=Fig. 1D-G). Their PTI, TSFI, and TH
means were 10.8 mm (range: 4-15.6 mm) and 10.2 (range:
8.4-13 mm),and 21 mm (range: 12.4-26.5 mm), respectively.
The differences between PTI, TH, and TSFI for true TS menin-
giomas and controls were all statistically significant
(p < 0.05). More than half of the elongation in TH is attributed
to the PTI, indicating significant elongation in the TS-CS
compartment. In type A tumors, the AIS was always patent,
the DS was not involved by tumor, and the chiasm was
posterior or superoposterior. The intracranial ONs were
most commonly displaced laterally by tumor. These tumors
extended into 50% of the optic canals (5 of 10), and that
extension was usually medial and superior and/or inferior. All
type A meningiomas had a clear line of distinction between
tumor and pituitary gland on MRI.

TS-DS meningiomas (type B) are associated with relative
elongation of both PTI and TSFI (~Fig. TH-K). Their PTI, TSFI,
and TH means were 5.6 mm (range: 3.2-8.6 mm), 9.7 (range:
8.7-12 mm), and 15.3 mm (range: 11.9-20.6 mm), respec-
tively. Although all parameters were elongated compared
with those of the control group, none of the differences
reached statistical significance. The AIS was usually occluded,
the DS was involved by tumor, the OC was superior to tumor,
the ONs were superior or superolateral in relation to tumor,
and tumor extension into the canal was seen in 50% of cases
(n = 4 of 8). Tumor in the canal was usually inferior or, less
commonly, medial within the OC. Only one of four type B
meningiomas had a clear line of distinction between tumor
and pituitary gland on MRI.

Only one tumor was a true DS meningioma (type C). The
PTI, TSFI, and TH were 2 mm, 3.9 mm, and 5.9 mm, respec-
tively. These measurements are similar to those of the control
group. In this case, the AIS was patent, the DS was involved by
tumor, the chiasm was superior, the ONs were lateral to
tumor, and the tumor did not extend into the optic canals
(~Fig. 1J-L).

Discussion

Suprasellar meningiomas have been classified by site of
origin into three subtypes: PS, TS, and DS meningiomas.>'°
The most common is TS meningioma, followed by PS
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Sphenoid sinus

Fig. 1 (A) Intracranial superolateral sellar view. The planum sphenoidale (empty arrow) is separated posteriorly from the tuberculum sella (TS) by the chiasmatic
sulcus (star). The double-ended arrow extends from the chiasmatic sulcus (CS) to the TS to the nadir of the sellar floor. Both anterior clinoid processes are seen
(arrowheads). (B) Normal midsagittal T1-weighted gadolinium-enhanced magnetic resonance imaging (MRI) showing the points: P, the posterior planum point, T,
the tuberculum, and C, the clivaksellar floor point. (C) Drawing showing the measured dimensions: planum-tuberculum interval (PTI) and tuberculum-sellar floor
Interval (TSFI). The CS (dotted black line) can be difficult to identify on sagittal MRIs. The anterior intercavernous sinus (AIS) (dark blue) is located in the anterior
leaflets of the diaphragma sellae (DS) at its attachment to the TS. The DS is attached to the TS at or below the tubercular recess. To estimate the TSFl and the PTI, we
outlined a right angle triangle P-D-C with hypotenuse P-C and a right angle at D. We then drew two lines parallel to D-C, T-T", intersecting PD at T', and F-C' passing
through the most inferior point of the sellar floor to intersect the line P-D at F and ending at C' (in the coronal plane of C). P-T" is the length of PTI, and T'-F is the
length of TSFI. We then calculated the total height (TH) as PTI + TSFI. (D-G) True TS meningioma (type A). (D)The PTlis elongated, the AlS is patent, the chiasm is
superoposterior, and an intact DS (dotted line) separates tumor from pituitary gland. The black arrow points to the patent AIS. (E) Sagittal MRI showing the chiasm
(white arrow) and a line of distinction between tumor and pituitary gland (black arrow). (F) Coronal MRI showing right intracanalicular tumor (arrow). (G)
Intraoperative images showing the extracapsular dissection of the meningioma (star) via a supradiaphragmatic approach. The tumor was easily separated from the
DS. The dura covering the gland was kept intact (arrowhead).The pituitary stalk can be seen posteriorly (arrow). (H-K) Tuberculum-diaphragma sella meningioma
(type B). (H)The TH is elongated, the AlS is absent, the chiasm is superior, and the DS is involved by tumor. The TS intracranial face can be effaced (n = 2/4) (arrow).
(1) Sagittal MRI showing the chiasm (white arrow) and no clear distinction between tumor and pituitary gland.(J) Coronal MRI showing right intracanalicular tumor
(arrow).(K) Intraoperative images showing the supra- and infradiaphragmatic approach used. The tumor involving the DS is being resected (star). The dura covering
the gland was opened for an inferior approach and the gland is exposed (arrow). Part of the inferior dura covering the gland (arrowhead) was kept intact. (L-N) True
DS meningioma (type C). (L) The AlS is patent, the chiasm is superior, and the DS is involved by tumor. (M) Sagittal MRI showing the chiasm (white arrow) and a clear
line of distinction between tumor and pituitary gland. (N) Coronal MRI showing no intracanalicular tumor extension (arrows).
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meningioma.” True DS meningiomas are rare.>>'? Although
PS meningiomas can be confused with TS and DS meningio-
mas in a clinical evaluation, they can be differentiated
radiologically by evaluating the tumor’s relationship to sur-
rounding bone and neurovascular structures. The more ante-
rior site of origin of PS tumors leads to posterior and inferior
displacement of the ONs and chiasm and the anterior cerebral
arteries complex; this can be seen on preoperative imaging.>-®
Two PS meningiomas, resected endoscopically during the
period of study, were excluded from our analysis. Their
main tumor volume was anterior to the CS. In these two
cases, the OC and the pituitary stalk were not displaced by
tumor. Although PS meningiomas can mimic TS and DS
meningiomas at presentation, especially when large, we
suggest separating them for analysis.

Most PS meningiomas do not extend below the planum
level to involve the DS; they are thus easily exposed by a low
subfrontal or pterional craniotomy. The more inferior point of
origin of TS and DS meningiomas, in contrast, especially those
cases in which the tuberculum is elongated, require greater
inferior dissection below and at an angle perpendicular to the
PS. Prior to expanded transsphenoidal approaches, tumors
inferior to the planum were accessed from above through the
superoposterior sphenoid sinus.'> More recently, many sur-
geons have found this region more accessible using an EET
approach. Recent reviews comparing transcranial and endo-
scopic transnasal resection of TS meningiomas failed to show
the superiority of one approach versus the other in regard to
visual outcomes. Each approach had its own specific morbid-
ities. In general, the endoscopic transnasal approach seemed
to offer the trade-off of lower complication rates for less
complete tumor resection relative to transcranial ap-
proaches.!™-'®"1° Distinction among our three classes of
suprasellar meningiomas, which differ in regard to points
of origin, predominant regions of dural involvement, sources
of blood supply, and relationships to neurovascular neigh-
bors, is particularly relevant to these transsphenoidal ap-
proaches. Elongation of the TS was alluded to in early reports
of suprasellar meningiomas.> Such elongation and any ac-
companying sellar expansion facilitate approach to the tumor
from below via a transnasal route.?®

In a cadaveric study of 50 adult sellar regions, the sellar
depth, defined as the greatest distance between the floor and
a perpendicular line connecting the TS and DS, ranged from 5
to 12 mm with a mean of 9 mm.?! A more recent study used
T1-weighted MRI to measure sellar face, defined as the
distance from the TS to the sellar-clival point. This distance
ranged from 6.7 to 19.8 mm with a mean of 13.4 mm.%° This
distance represents the line connecting point T to point C
in =Fig. 1C. This distance ranged from 7.3 to 15.3 mm with a
mean of 11.2 mm in our control group. The TS is usually
defined as the bony prominence inferior to the CS; it corre-
sponds to the tuberculum recess in 50% of patients.?? The
inferior limit of the TS separating it from the sella turcica or
the sellar floor is not well defined.

To evaluate the vertical elongation of the sella, tuberculum,
and the CS, we calculated the PTI and the TSFI. The PTI
represents the height of the CS and the superior part of the
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TS above point T, which usually lies at or above the insertion
of the DS (=Fig. 1C). The TSFI represents the sellar height
starting from the floor inferiorly to the tuberculum (point T).
We can conclude that PTI and TSFI represent the supra-
diaphragmatic (suprasellar) and infradiaphragmatic (sellar)
heights, respectively. The sella was expanded in our menin-
gioma group, as evidenced by an increased TH relative to that
in controls (a mean of 17.2 mm versus 11.5 mm; p < 0.05).In
type A meningiomas, both PTI and TSFI are elongated
representing elongation of both the sellar and, more signifi-
cantly, the suprasellar compartment. In type B, the sellar and
the suprasellar compartments had equally distributed
elongation.

Analysis of tumor displacement of neurovascular struc-
tures, tumor involvement of the DS, and patency of the AIS
showed two distinctive patterns. In group A, the OC was
displaced posteriorly and the ON nerves laterally, indicating a
tumor origin more superior than in group B. In group B, the
OC was displaced superior and the ON superior-lateral. The
tumor extension in the optic canals of group Awas medial and
both superior and inferior to the ONs. In contrast, intra-
canalicular extension in group B was mainly inferior to the
ON. In group A, the DS was spared and the AIS was always
patent, whereas in group B the AIS was occluded (occluded in
two, not reported in two), and the DS was involved. These
findings suggest that type A tumors can be approached by
craniotomy from above or transnasally from below but type B
tumors might best be approached from below.

The AIS is present in 76% of healthy individuals.?’ It is
usually located in the DS leaflets along its attachments to the
TS, which correspond to the tubercular recess.?? In all five
type A tumors, the AIS was patent. This suggests lack of
involvement by tumor, consistent with the lack of involve-
ment of the DS as well. In such cases, division and resection of
the AIS and more posterior DS will not be necessary; a purely
supradiaphragmatic endoscopic approach should be suffi-
cient for complete resection of these tumors. This supra-
diaphragmatic route avoids sacrificing the AIC, maintains the
DS as a barrier between tumor and gland, and limits manip-
ulation of the pituitary gland during tumor resection. We
recommend starting with a supradiaphragmatic approach
that keeps the AIS intact. In two cases in group A, an intact
arachnoid plane facilitated separating tumor from the DS. In
the other three cases, the tumor was attached to but easily
dissected from the DS. Should the AIS be involved with tumor
or should the tumor incorporate the DS, a more inferior
trajectory through the AIS can be taken. In group B tumors,
the AIS is occluded and the DS is involved; this mandates
supra- and infradiaphragmatic access to remove the tumor
completely.

Only one case in our series was a true DS meningioma. In
this case, the sellar dimensions were similar to those of our
control group. Kinjo et al classified DS meningiomas into
three subtypes according to the tumor’s relations to the DS
and pituitary stalk.’® Type A, originating from the upper leaf
of the DS anterior to the pituitary stalk; type B, originating
posterior to the pituitary stalk; and type C, originating from
the inferior leaf of the DS. The differentiation between types A
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and C, both anterior to the stalk, can be difficult on preopera-
tive imaging. In both cases, a combined infra- and supra-
diaphragmatic approach is needed for resection.

The sellar dimensions, ON location, OC displacement, and
intracanalicular tumor can be difficult to analyze on preop-
erative imaging in larger tumors. In these cases, identification
of aline of distinction between tumor and pituitary gland, the
RDL, on sagittal T1-weighted gadolinium-enhanced MRIs can
be useful. Type B tumors lacked this line except for one case in
which a line was perceived on preoperative MRI but intra-
operative inspection showed the DS to be involved and
transgressed by tumor.

TS-DS meningiomas can thus be classified into three
groups on the basis of routine preoperative MRI. These
subtypes have different anatomical relationships to sur-
rounding neurovascular structures. For type A tumors, an
endoscope transsphenoidal supradiaphragmatic approach
should suffice for complete resection. For type B tumors, a
combined infra- and supradiaphragmatic approach is needed.
Exclusively DS meningiomas (type C) are rare. The major
limitations of our study was its retrospective design and the
small number of cases analyzed. Further prospective evalua-
tions are required to validate these radiologic findings in
differentiating subtypes of TS and DS meningiomas and the
usefulness of this classification.
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